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Oligodendrocyte precursor cells are the primary source ofmyelinating oligodendrocytes in the neonatal CNS.
In a recent issue of Cell, Yuen and coworkers (2014) show that hypoxia-inducible factors andWnt7a/7b act in
developing white matter, promoting angiogenesis in anticipation of the metabolic demands of oligogenesis,
before finally allowing precursor differentiation.Oligodendrocyte precursor cells (OPCs)
arise from neuroepithelial progenitors in
the ventral neural tube. Theymigrate, pro-
liferate, and ultimately differentiate to
form mature oligodendrocytes (OLs) that
myelinate axons in the CNS. The onset
of postnatal myelination in the mouse
corpus callosum coincides with the end
of most angiogenic activity (Harb et al.,
2013). Myelin synthesis is metabolically
expensive, so it makes sense that this
should take place only after adequate
vascular support has been established.
Conversely, perinatal hypoxia results in
hypomyelination and white matter injury
across multiple experimental models,
with severe neurological consequences
(reviewed in Silbereis et al., 2010). How,
then, are oxygen supply and demand
closely coupled in normal oligogenesis?
A recently published study in Cell by
Yuen et al. (2014) provides one answer
to this question.
Hypoxia-inducible factors (HIFs) are
basic-helix-loop-helix/PAS transcription
factors that orchestrate the cellular
response to changes in oxygen tension,
with roles in neurogenesis and angiogen-
esis. Under normoxia, the HIFa subunit
(isoforms HIF1a and HIF2a) is targeted by
three prolyl hydroxylases and von Hippel
Lindau protein (VHL) for proteasomal
degradation, while an asparaginyl hydrox-
ylase, ‘‘factor inhibiting HIF1a,’’ blocks
coactivator p300/CREB-binding protein
recruitment to HIF target genes. Hypoxia
relieves HIF of both modes of inhibition,
increasing its activity. Rat cortical white
matter has oxygen levels of 0.8%–2.1%
(Cater et al., 1961), suggesting that cells
at sites of postnatal myelination might116 Developmental Cell 30, July 28, 2014 ª2have high basal HIF activity. At the same
time, cell survival and fate in theOL lineage
is oxygen sensitive: human fetal cortical
precursors yielded the most galactocere-
broside+ OLswhen first expanded at lower
oxygen tensions, and then differentiated at
higher ones (Pistollato et al., 2007). Like-
wise, a reducing cytosolic environment
was related to self-renewal in rat OPCs,
but an oxidizing one favored differentiation
(Smith et al., 2000). These observations
hinted at a role for HIFs inOPCmaturation.
So far, this possibility had not been ad-
dressed by in vivo studies, which are able
to capture the nuances of the OPC micro-
environment in ways that culture models
cannot.
TheworkbyYuenet al. (2014) is ground-
breaking in that it provides the first evi-
dence that timely HIF activity is necessary
for postnatal myelination in vivo. The
authors used genetically modified mice
to dissect the molecular physiology of
OPC maturation. They first demonstrated
that the conditional deletion of VHL
in Olig1/Sox10-expressing OPCs phe-
nocopied the hypomyelination and neuro-
logical deficits of mice exposed to chronic
postnatal hypoxia. In vitro work showed
that this phenotype was due to increased
cell-autonomous HIF signaling, which
arrested OPC maturation. Using a cere-
bellar explant assay, hypomyelination
was rescued by the acute, simultaneous
deletion of HIF1a and HIF2a. Also, while
white matter was hypervascularized with
VHL/ OPCs, with HIF1a/HIF2a/
OPCs poor vascularity led to white matter
loss. These data suggested that OPC-ex-
pressed HIF provided the necessary stim-
ulus for white matter angiogenesis. How-014 Elsevier Inc.ever, unchecked HIF activity would arrest
oligogenesis and lead to hypomyelination.
Many evolutionarily conserved path-
ways in vertebrate development converge
on HIF. One such example is the canoni-
cal Wnt/b-catenin pathway, which is
potentiated by HIF in neural stem cell
niches. Wnts are secreted glycoproteins
that mediate cell-cell communication for
embryonic induction, defining cell polarity
and fate. The binding of a Wnt ligand to
Frizzled and LRP5/6 coreceptors at the
cell surface leads to intracellular signaling
events that ultimately modify gene tran-
scription. A recent study identified Wnt
activation as a unifying feature of demye-
linated lesions (Fancy et al., 2009), while
another identified Wnt7a/7b as having
roles in CNS angiogenesis (Daneman
et al., 2009).
In order to explain the effects of HIFs on
myelination and white matter angiogen-
esis, Yuen et al. (2014) first showed that
Wnt7a/7b expression is controlled by
novel upstream hypoxia response ele-
ments. HIF upregulates Wnt7a secretion
from OPCs, which then acts in an auto-
crine fashion to arrest OPC differentiation.
Unexpectedly, the authors found that
Wnt7 from HIF-activated OPCs stimu-
lated endothelial cell proliferation and
tube formation. Effects were reproduced
when endothelial cells were treated with
exogenous Wnt7 or with media condi-
tioned by secretion-competent VHL/
OPCs. While one report previously
alluded to trophic relationships between
OPCs and endothelial cells (Arai and Lo,
2009), the current work provides the first
evidence that OPCs play a direct role in
angiogenesis.
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PreviewsIn sum, Yuen et al. (2014) propose that
perinatal OPC-expressed HIF promotes
angiogenesis but arrests OPC differentia-
tion, acting through Wnt7 in a para-
crine and autocrine fashion, respectively.
Once themicrovasculature is established,
oxygen levels exert negative feedback on
HIF activity, disinhibiting OPC maturation
only when its metabolic demands can be
met. Myelination failure could therefore
arise from constitutively low HIF activity
in OPCs, where white matter is hypovas-
cular and nonviable, or persistently high
HIF activity and angiogenic failure, which
prevent OPC differentiation. This novel
feedback loop implies that the onset of
myelination is coordinated locally and
that any attempt to understand develop-
mental myelination must consider the
‘‘oligovascular’’ microenvironment.
The involvement of HIF in postnatal
myelination lends itself to many exciting
questions. First, this model shows that
myelination success depends on timely
changes in OPC HIF activity levels. Would
myelination then proceed at different
rates, or at different oxygen thresholds,
in brain regions experiencing different
oxygen tensions? Second, what is the
critical window in which changes to
HIF activity could influence myelination?
Third, would pathological processes thatmodify HIF activity in qualitatively different
ways—such as acute, as opposed to
chronic or intermittent, hypoxia—affect
postnatal myelination differently? Fourth,
do oxygen-independent modifiers of
HIF activity, including PI3K/Akt, mTOR,
NFkB, and SIRT1, also affect myelina-
tion? Finally, given the ubiquity of HIF, it
is tempting to speculate that HIF-medi-
ated crosstalk may be relevant to other
glial cell types.
After the perinatal stage, OPCs are also
found in the adult brain, arising in the sub-
ventricular zone. These OPCs are acti-
vated following demyelination, such as in
mechanical trauma or inflammation. It
will be critical to discover now whether
differentiation of adult and perinatal
OPCs is similarly regulated and, if so,
whether a HIF/Wnt7a/7b pathway is
applicable to our understanding of remye-
lination in multiple sclerosis, spinal cord
injury, stroke, or vascular dementia.
Encouragingly, in an adult rat ischemic
stroke model, areas with the highest
OPC maturation rates were found to
have the highest vessel densities (Jiang
et al., 2011). Together with other
emerging data, this suggests that the rele-
vance of the ‘‘oligovascular’’ crosstalk
described in the present work may extend
beyond the developmental milieu.Developmental CeREFERENCES
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In this issue of Developmental Cell, Bardou et al. (2014) elucidate how long, highly structured noncoding
RNAs control alternative splicing regulators that specifically mediate the action of the hormone auxin in
the promotion of lateral root growth in Arabidopsis.Plants and animals share more features
thangenerally appreciated.Beyondhaving
in common basic genetic mecha-
nism, overall cellular structure, and most
biochemical reactions, both plants and an-imals have genes containing introns that
are removed through nuclear pre-mRNA
splicing. The splicing machinery is mostly
conserved between plant and animal cells:
the RNA sequences defining exon/intronboundaries, spliceosome components,
andsplicing factorsprimarily characterized
in mammalian cells are also present in
plants.Nevertheless, there are somediffer-
ences. Plant introns are, on average,ll 30, July 28, 2014 ª2014 Elsevier Inc. 117
